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,Q RXU ZRUOG WRGD\ HYHU\ IRVVLO IXHO EXUQLQJ HQJLQH LQ
GLIIHUHQW DSSOLFDWLRQV UHTXLUHV D W\SH RI IXHO VWRUDJH DQG D
PHDQVRI JHWWLQJ WKLV IXHO WR WKH HQJLQH DW WKH ULJKW SUHVVXUH
DQG DPRXQW UHTXLUHG 7KLV LV GRQH LQ DOO WKH FDVHVZLWK WKH
KHOS RI DQ HOHFWULF SXPSZKLFK FDQ EH FRQWUROOHG WKURXJK D
VLPSOHUHOD\RUDIXHOSXPSFRQWUROOHU)3&EDVHGRQD3/'
)RU FRQWUROOLQJ WKH SUHVVXUH IRU WKH VLPSOH UHOD\ VROXWLRQ D
PHFKDQLFDO SUHVVXUH VWDELOL]LQJ V\VWHP LV SDUW RI WKLV IXHO
VXSSO\ V\VWHP 0HFKDQLFDO V\VWHP FDQ FDXVH SUREOHPV LQ
XQVWDEOH SUHVVXUH  ZKLFK LV ZK\ PRVW RI IRVVLO IXHO GULYHQ
HQJLQHVDUHHTXLSSHGZLWKSUHVVXUHFRQWUROOHG)3&)3&VDUH
EDVHG RQ 3/'V SURJUDPHG LQ VWDQGDUG SURJUDPPLQJ ORJLF
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DFFRUGLQJ WR D JLYHQ VSHFLILFDWLRQ WKDW GHVFULEHV WKH V\VWHP
EHKDYLRU LQ UHJDUGV RI SHUIRUPDQFH DQG WRWDO FDU V\VWHP
LQWHUIDFLQJ7KHFRUHRID3/'V\VWHPFRQWDLQLQPRVWFDVHVD
W\SH RI PLFURFRQWUROOHU EDVHG V\VWHP DQG LQ VRPH FDVHV D
ILHOG SURJUDPPLQJ JDWH DUUD\ )3*$ VXUURXQGHG E\ VHQVRU
DQG RXWSXW LQWHUIDFLQJ KDUGZDUH 7RGD\CV )3& DUH D SDUW RI
FRPSOH[ HQJLQH V\VWHPV FRQWUROOHG E\ VHYHUDO HOHFWULFDO
FRQWUROXQLWV (&8 WKDW UHTXLUH LQWHUV\VWHPFRPPXQLFDWLRQ
IRUPDLQWDLQLQJ RSWLPDO V\VWHP EHKDYLRU IRU SHUIRUPDQFH LQ
WKHHYHQWRIVHQVRUGHJUDGDWLRQDQGWRKDQGOHIDXOWFRQGLWLRQV
7KLV UHVHDUFK ZRUN IRFXVHV RQ WKH PDLQ WDVN RI WKH )3&
SURYLGLQJIXHODWWKHULJKWDPRXQWDQGSUHVVXUHWRWKHHQJLQH
7KHDGDSWDWLRQLVDFKLHYHGE\FRQYHUWLQJDQGFRGLQJWKHVWDWH
WUDQVLWLRQ GLDJUDP LQWR D PHPRU\ EDVHG V\VWHP ZKLFK RQO\
XVHVWKHPHPRU\GDWDWRSHUIRUPWKH)60WDVN)RUDFFXUDWH
SUHVVXUH FRQWURO IHHGEDFN RU IHHGIRUZDUG FRQWURO FDQ EH
XWLOL]HG LQ WKH DSSOLFDWLRQ :KDW SDUWLFXODU FRQWUROOHU
KDUGZDUH JHWV FKRVHQ GHSHQGV RQ WKH GHVLJQ DQG WKH
SUHIHUHQFH RI WKH GHVLJQHU 7KH UHVHDUFK ZRUN GHVFULEHG LQ
WKLVSDSHULVEDVHGRQD3SURSRUWLRQDOFRQWUROOHUW\SHZKLFK
FDQEHLPSOHPHQWHGE\VZLWFKLQJRQWKHSRZHUWRIXHOSXPS




LQ )LJXUH  ZKLFK LV EDVHG RQ D 0DW/DE DGDSWDWLRQ RI RXU
DSSURDFK2WKHUWKDQWKH3W\SHFRQWUROOHUD3,SURSRUWLRQDO







EDVHG LQ RUGHU WR SURGXFH D VSDFHHIILFLHQW PDSSLQJ &$0
EDVHG PHPRU\ RIIHUV WKH DGYDQWDJH RYHU OLQHDU DGGUHVVDEOH
PHPRU\ WKDW LV XVHV SDWWHUQ PDWFKLQJ IRU GDWD DFFHVV





IXQFWLRQDO /87 EDVHG )60 LQ FDVH RI PHPRU\ GDWD
FRUUXSWLRQ7KLVWKUHHIHDWXUHVDUHVHHQDVVHOITXDOLWLHVIRU
FUHDWLQJ D IDXOW WROHUDQW V\VWHP )RU WKH )60 FRGLQJ WKH
DSSURDFK RI VHOIFRQILJXULQJ )60 IRU /87 RXW RI >@ JHWV
XVHG 7KH FRPSOHWH IXHO SUHVVXUH V\VWHP )36 FRPSULVLQJ






)60V DUH XVHG LQ PDQ\ DSSOLFDWLRQV ZKHUH D IL[HG
PDSSLQJEHWZHHQLQSXWDQGRXWSXWORJLFSDWWHUQVLVQHHGHG,Q
LWVVLPSOHVWIRUPWKH)60VWRUHVDGLUHFWRQHWRRQHPDSSLQJ
EHWZHHQ LQSXW ORJLF GDWD SDWWHUQV DQG WKH FRUUHVSRQGLQJ
RXWSXWGDWDSDWWHUQV7KLV LVQRUPDOO\DFKLHYHGE\VWRULQJDOO
RI WKH SRVVLEOH PDSSLQJV LQ WKH IRUP D /87 DQG XVLQJ WKH
FXUUHQW LQSXW SDWWHUQ WR ORRNXS WKH UHOHYDQW RXWSXW SDWWHUQ
)RU VLPSOH LQSXWRXWSXW PDSSLQJV WKH FRQWHQWV RI WKH /87
FDQ EH GHWHUPLQHG GLUHFWO\ E\ DQDO\]LQJ WKH V\VWHP¶V VWDWH
WUDQVLWLRQGLDJUDP
0RUH FRPSOH[ LQSXWRXWSXW PDSSLQJV DUH SRVVLEOH LQ
ZKLFKFDVHD IRUPDODSSURDFKFDQEHXVHG7KH ORJLFGHVLJQ
RI DQ )60ZLWK D JLYHQ QXPEHU RI LQSXWV , RXWSXWV2 DQG
VWDWHV 6 FDQ EH GHILQHG DV D WXSOH ,26įȦ 7KH VWDWH
WUDQVLWLRQIXQFWLRQLVį,[6Æ6DQGWKHRXWSXWIXQFWLRQLVȦ
,[6Æ2>@$Q)60DOWHUVLWVFXUUHQWVWDWHIROORZLQJWKH
GHILQHG VWDWH WUDQVLWLRQGHILQHGE\ WKH LQSXW VSHFLILHG DW WKLV






7KH GLIIHUHQFH EHWZHHQ0RRUH DQG0HDO\ LV GHILQHG E\ WKH
RXWSXW UHVSRQVH LQ UHJDUGV WR WKH LQSXW VWLPXOXV ,QD0RRUH
EDVHG)60WKHRXWSXW IXQFWLRQDOLW\ LVFRQWUROOHGE\ WKHVWDWH
RQO\ VHH )LJXUH D DQG GHILQHG DV Ȧ  6Æ 2 7KH RXWSXW
IXQFWLRQ RI D0HDO\ VWDWHPDFKLQH GHSHQGV RQ WKH VWDWH DQG
LQSXWDQG LVGHILQHGDVȦ  , [6Æ2 VHH)LJXUHE >@
%HWZHHQWKHWZRGHVLJQVWKHUHLVDQLPSRUWDQWGLVVLPLODULW\
0HDO\ UHTXLUH OHVV VWDWH WUDQVLWLRQ WKDQ D 0RRUH ,Q WKLV
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VWUXFWXUH ,Q RUGHU WR WUDQVODWH D 0HDO\ LQWR D 0RRUH )60
VWDWH VSOLWWLQJKDV WREHGRQH DQG WKLV LQFUHDVHV VLJQLILFDQWO\
WKHQXPEHURIVWDWHVDQGVWDWHWUDQVLWLRQV>@
7KH FUHDWLRQ RI D )60 VWDUWV ZLWK GHILQLQJ WKH VWDWH
WUDQVLWLRQ GLDJUDP ZKLFK FDQ WKHQ EH FRQYHUWHG LQWR D VWDWH
WUDQVLWLRQ WDEOH )LJXUH D SUHVHQWV D VWDWH GLDJUDP RI D -.
IOLSIORS DV DQ H[DPSOH DQG )LJXUH E VKRZV WKH DVVRFLDWHG
VWDWH WUDQVLWLRQ WDEOH)LJXUHF VKRZV WKH WUXVW WDEOHDQG WKH
)60 FKDOOHQJH RI FUHDWLQJ WKH WRJJOH IXQFWLRQ  7KH WDEOH
)LJXUH E FRQWDLQV WKH VWDWH WUDQVLWLRQ LQ FRQMXQFWLRQ ZLWK




WKH ULJKW LW UHSUHVHQWV WKH VWDWH WKH )60 VZLWFKHV WR DIWHU
DVVRFLDWHG LQSXW VHTXHQFH KDV EHHQ DSSOLHG ,Q WKH VSHFLDO
FDVHRI³GRQCWFDUH´FRQGLWLRQVZKHUH2LVLQGHSHQGHQWRIWKH
SUHYLRXV VWDWH D ³³ V\PERO LV XVHG DQG WKH )60 LV
LQFRPSOHWHO\ VSHFLILHG 7KH ORJLF GHILQLWLRQ RI WKH )60
FKDQJHV LQWR D WXSOH ,26įȦȜ ZKHUH Ȝ UHSUHVHQWV WKH
GRQCWFDUHFRQGLWLRQV>@
7KH VWDWH WDEOH LQ )LJXUH E VKRZV ZLWKLQ WKH LQSXW
LQIRUPDWLRQLQWKLVFDVHERWKLQSXWV-DQG.DUHVKRZQDVRQH
YDOXH DOO SRVVLEOH FRPELQDWLRQ RI - DQG . DQG WKH RXWSXW
















D   EF
)LJ-.IOLSIORS)60VWDWHUHSUHVHQWDWLRQ
0DSSLQJ)60VWDWHUHSUHVHQWDWLRQLQWRPHPRU\
7KH VWUXFWXUH RI WKH UHVXOWLQJ )60 VWDWH WUDQVLWLRQ WDEOH
6HH )LJXUH E FDQ EH XVHG IRU WUDQVIHUULQJ LW LQWRPHPRU\
/87 7KH EDVLF SULQFLSDO RI WUDQVIHUULQJ )60 LQWR D /87
PHPRU\ VWUXFWXUH LV WR DOORFDWH RQH /87 URZ SHU VWDWH
WUDQVLWLRQ ZKHUHE\ HDFK URZ LV DFFHVVHG E\ XQLTXH /87
DGGUHVVDQGGDWDKDVD IL[HG LQIRUPDWLRQVWUXFWXUH >@ ,Q WKH
FDVH WKHPLQLPXPQXPEHURI/87URZHQWULHV LVGHILQHGE\




FUHDWH WKH QHFHVVDU\ RXWSXWV DQG VWDWH WUDQVLWLRQ %\
LQWURGXFLQJDELQDU\VWDWHFRGLQJRIWKHLQGLYLGXDOVWDWHVVHH
)LJXUH D SODFLQJ WKHP ZLWKLQ WKH WDEOH DFFRUGLQJO\ VHH
)LJXUHE7KHPHPRU\DGGUHVV LV WKHFRPELQDWLRQRI LQSXW
)LJXUH E UHG ELWV DQG FXUUHQW VWDWH )LJXUH E JUHHQ ELWV
FRPELQHG LQ ELQDU\ IRUPDW 7KH GDWD VWRUHG DW WKLV PHPRU\
ORFDWLRQ LV WKH RXWSXW ELWV )LJXUH E \HOORZ ELWV ZKLFK LQ





%\ DVVXPLQJ WKDW WKH QXPEHU RI XQLTXH DGGUHVVHV
DSSHDULQJ LQ WKH UHVXOWLQJ WDEOH LV 1BDGGU 7KH -.IOLSIORS
PHPRU\ PDSSLQJ H[DPSOH SUHVHQWHG LQ )LJXUH E LQGLFDWHV
WKDWWKHDGGUHVVDEOHPHPRU\VL]HLVGHILQHGE\ʹ୒̴ୟୢୢ୰+HQFH
PHPRU\ VL]H ZLOO JURZ H[SRQHQWLDOO\ E\ WKH QXPEHU RI
DGGUHVVDEOH ORFDWLRQV ZKLFK GHWHUPLQHG E\ LV WKH WRWDO
QXPEHURILQSXWDQGVWDWHHQFRGHGELWV>@7KHVWUXFWXULQJRI
WKHDGGUHVVHGVWDWHVJHWVDUUDQJHGWKURXJKWKHLQSXWVWUXFWXUH
ZKLFK LV IL[HG DQG ZKLFK FUHDWHV JDSV WKURXJKRXW WKH
LQIRUPDWLRQ VWRUHG LQ WKH /87 )RU H[DPSOH WKH DERYH -.
IOLSIORS QHHGV ʹସ    DGGUHVVDEOH ZRUG ORFDWLRQV IURP
ZKLFK RQO\  DUH XVHG 7KLV LV IXUWKHU EURNHQ GRZQ LQWR 
DGGUHVVHVDVVRFLDWHGZLWK-.IOLSIORSZRUNLQJFRQGLWLRQVDQG
 DGGUHVV UHVHUYHG IRU UHVHW RU VWDUW XS PHPRU\ ORFDWLRQ
+HQFHORFDWLRQVDUHXQXVHGDQGFDQQRWEHDOORFDWHGIRUWKH
VWDWH PDFKLQH IXQFWLRQDOLW\ 7KHVH XQGHVLUDEOH PHPRU\
ORFDWLRQVFDQVWLOOEHDFFHVVHGZLWKLQWKH)60LQWKHHYHQWRI
DQDGGUHVVIDXOWDQGKHQFHWKH\UHTXLUHDSUHVHQWFRQGLWLRQWR
SUHYHQW PLVEHKDYLRU RI WKH )60 ,I WKLV SUHFDXWLRQ LV QRW





0RRUH )60 LV SUHVHQWHG LQ )LJXUH  3URWHFWLQJ WKH )60
DJDLQVWH[HFXWLRQRILQYDOLGVWDWHVLQSXWILOWHULQJDQGEORFNLQJ
LVUHTXLUHGIRUWKLVWDVN2XUUHVHDUFKLVGULYHQE\WKHLGHDWR
ILOWHU XQGHVLUHG LQSXW VWLPXOXV LQ DQ HIIHFWLYH ZD\ ZLWKRXW
FUHDWLQJDPDVVLYHPHPRU\RYHUKHDG)RUWKLVWDVNZHDOWHUHG
WKH )60 GHVLJQ 7ZR SULPDU\ EORFNV RI WKH )60 FDQ EH
LGHQWLILHGODEHOOHGDVWKHLQSXWEORFNDQGVWDWHWUDQVLWLRQEORFN
67% $OO WKH GDWD QHHGHG UHTXLUHG E\ WKH VWDWH PDSSHG
GHVLJQ LV VWRUHG LQ &$0 EHFDXVH RI WKH WZR VSHFLILF
DGYDQWDJHVILUVWO\&$0FRQWLQXHVGDWDVWRUDJHDQGUHWULHYLQJ
RIGDWDZLWKLQDVLQJOHFORFNF\FOH6HFRQGO\LQWKHHYHQWWKDW









WKH )60DJDLQVW LQSXW VHTXHQFHVZKLFK FRXOG LQWHUIHUHZLWK
WKH GHVLJQHG )60 VWDWH WUDQVLWLRQ IORZ (UURQHRXV LQSXW
VHTXHQFHVFDQOHDGWRXQVSHFLILHGVWDWHWUDQVLWLRQRIWKH)60
VHH6HFWLRQ,,SRLQWȜRUXQVSHFLILHGPHPRU\HQWULHVZLWKLQ
WKH VWDWH WUDQVLWLRQ PHPRU\ DQG FDQ EH FDXVHG E\ IDXOW\
VHQVRU RU 6(8 HYHQWV RQ WKH LQSXW VLGH RI WKH )60 )RU
DFKLHYLQJ WKH VHOISURWHFWLQJ RI LQIOXHQFH RI HUURQHRXV LQSXW
VWLPXOXVRQWKH)60VWDWHWUDQVLWLRQWKHVWDWHGHSHQGHQWLQSXW
LQIRUPDWLRQ PXVW WR EH H[FOXGHG IURP WKH PDLQ )60 VWDWH
WUDQVLWLRQ LQIRUPDWLRQ VWRUHG LQ WKH VWDWH PHPRU\ GDWD 7KLV
GLVDVVRFLDWLRQEHWZHHQ WKHGDWD UHTXLUHV D FDVFDGHGPHPRU\
VWUXFWXUHSHUIRUPHGWKURXJKWKHWZREORFNVRIRXUGHVLJQVHH
)LJXUH7KH LQIRUPDWLRQ OLQN IRUFKDQJHRIVWDWH WUDQVLWLRQ
EHWZHHQLQSXWDQGVWDWHWUDQVLWLRQEORFNLVSHUIRUPHGZLWKWKH
KHOS RI FRGHG GDWD &RGHG GDWD XVHG IRU WKH )60 VWDWH
WUDQVLWLRQ SUHYHQWV XQFOHDU VSHFLILHG LQSXW VWDWH WUDQVLWLRQ
VHTXHQFHVDQGUHGXFHVWKHGDWDVWUXFWXUHRIWKH)60PHPRU\
GDWD 7KLV UHVHDUFK ZRUN GRHV QRW ZRUN ZLWK XQVSHFLILHG
PHPRU\ HQWULHV WR HOLPLQDWH SRVVLEOH XQGHVLUDEOH VWDWH
WUDQVLWLRQ EXW LQVWHDG WKLV LV EHHQ GRQH WKURXJK FRQWHQW
ILOWHULQJ




LQSXW VHTXHQFHV VWLPXODWLQJ DFFRUGLQJO\ WR WKH SUHVHQW VWDWH
WUDQVLWLRQRIWKH)60DQGZKLFKLVVXSSOLHGWRWKHLQSXWEORFN
E\ WKH 67% 7KH LQSXW EORFN LV PDGH XS RXW RI WKUHH
LQGLYLGXDO VXE IXQFWLRQDO EORFNV ZKLFK DUH DQ LQFRPLQJ
UHJLVWHU08;DQG LQSXW ILOWHU&$07KHUHJLVWHUDQG08;
DUHJHWWLQJWKHLUFRQWUROGDWDIURPZRUGGDWDRXWRIWKHLQSXW
ILOWHU &$0 RI WKH SUHVHW VWDJH VHOHFWLRQ GRQH E\ WKH 67%
7KH UHJLVWHU FRQWDLQV'IOLSIORSV ZKHUH WKH UHVHW LQSXWV DUH
XVHG WR VXSSUHVV WKH DVVRFLDWHG LQSXW GDWD VXSSOLHG DW WKHLU
LQSXWV GHILQHG E\ WKH FRQWURO GDWD RI WKH LQSXW ILOWHU &$0
:LWK WKLVDOO XQUHTXLUHG LQSXW LQIRUPDWLRQ LV JHWWLQJEORFNHG
IURP WDNLQJ DQ\ HIIHFW RQ WKH EHKDYLRXU RI WKH )60 $
VXEVHTXHQW 08; LV XVHG WR UHGXFH WKH UHPDLQLQJ LQSXW
LQIRUPDWLRQLQWRDFRPSDFWGDWDSDFNDJHZLWKRXWXQQHFHVVDU\
GDWDJDSVDQGVWRUHG LQ WKH UHJLVWHU7KLV08;LVFRQWUROOHG
E\ WKH VDPH FRQWURO GDWD IURP WKH LQSXW ILOWHU&$0:LWKLQ
WKHUHJLVWHUWKHGDWDIURPWKH08;LQSXWILOWHU&$0GDWDDQG
FXUUHQW VWDWH RI WKH )60 LV FRPELQHG IRU FUHDWLQJ D XQLTXH
FRQWHQWVHDUFKSDWWHUQIRUWKHLQSXWILOWHU&$0$FFHVVLQJWKH
LQSXW ILOWHU &$0 ZLWK WKLV GDWD ZLOO SURGXFH D SUHGHILQHG




7KH 67% LV D WUDGLWLRQDO GHVLJQ RI D )60 ZLWK WKH
GLIIHUHQFH WKDW D &$0 LV XVHG LQVWHDG RI D VWDQGDUG W\SH
PHPRU\7KHDGYDQWDJHVRIXVLQJD&$0LVWKHFRPSDFWGDWD
VWUXFWXUHZKLFK LV DFKLHYHGE\ XVLQJ FRQWHQWV IRU DGGUHVVLQJ
WKH GDWD :LWK WKLV D OLQHDU DGGUHVVLQJ RI D PHPRU\ LV QRW
UHTXLUHGDQGRQO\WKHQHHGHGGDWDFDQEHVWRUHGDQGPDNHVWKH
DGGUHVVLQJRIWKHPHPRU\GDWDXQLTXHIRUWKHDSSOLFDWLRQ7KH
)60 FDQ EH LPSOHPHQWHG IURP WKH LQIRUPDWLRQ RI VWDWH
WUDQVLWLRQ WDEOH DQG FDQ EH FRQYHUWHG LQWR WKH DSSURSULDWHG
PHPRU\ EDVHG )60 GDWD VWUXFWXUH 7KH DGGUHVV UHJLVWHU LV




7KH0RRUH VW\OH)60EHKDYLRUJHWVXVHG LQ WKLV UHVHDUFK
ZRUN UXQQLQJ RQ &$0 KDUGZDUH  $ EORFN GLDJUDP RI WKH



































7KH GHILQLWLRQ RI WKH GLIIHUHQW PDLQ VWDWH WUDQVLWLRQ
UHTXLUHPHQWV 675DUHSUHVHQWHG LQ)LJXUHEDQG WKHPDLQ
VWDWHWUDQVLWLRQWULJJHU7KLVVWDWHGLDJUDP)LJXUHDLVRQO\
WKH EURDG UHSUHVHQWDWLRQ RI WKH )3& )60 VWDWH GHVFULSWLRQ
7KHH[DPSOHIRUWKHFRQWUROEHKDYLRXURIWKH0%)60EDVHG




$OO H[WHUQDO LQSXW DQG RXWSXWV ZKHUH SDUW RI WKH RYHUDOO
VLPXODWLRQ DQG VKRZV WKH FDSDELOLW\ RI PHPRU\ EDVHG
FRQWUROOHU
7KH PHPRU\ UHTXLUHPHQW RI D WUDGLWLRQDO )60 DSSURDFK
FDQEH FDOFXODWHGZLWK ൌ ʹ୧ାୱ כ ሺ ൅ ሻZKHUH L LV QXPEHU
RI LQSXWV V LV QXPEHU RI VWDWHV DQG R LV QXPEHU RI RXWSXWV
7KLV FRPHV WR D PHPRU\ VL]H RI  ELWV 7KH PHPRU\
UHTXLUHPHQW RI WKH&$0EDVHG)60FDQ EH FDOFXODWHGZLWK





7RGD\PRGHUQ LQWHJUDWHG FLUFXLWV DUH GULYHQ E\ FRQWLQXHV
HIIRUW RI VKULQNLQJ WUDQVLVWRU VL]H ZKLFK PDNH WKHP PRUH






6(8 SHU GDWD ZRUG ZLWK WKH KHOS RI HUURUFRUUHFWLQJPDWFK
VFKHPH JRW GHVFULEHG 7KLV VFKHPH ZRUNV RQ WKH EDVHV RI
KDPPLQJ FRGH DQG DGGHG VHYHUDO SDULW\ ELWV IRU HDFK &$0
GDWD ZRUG &RPSDULQJ WKH FLUFXLW RI D VWDQGDUG PHPRU\
DJDLQVW WKH &$0 UHYHDOV WKDW WKH PDLQ GLIIHUHQFH LV LQ WKH
DGGUHVVLQJ RI WKH GDWD :LWKLQ WKH VWDQGDUG PHPRU\ D
FHQWUDOL]HG DGGUHVVLQJ ORJLF FUHDWHV WKH UHTXLUHG LQGLYLGXDO
GDWDORFDWLRQ7KLVVWUXFWXUHLVFHQWUDOL]HGDQGFOXVWHUHGDZD\
IURP WKH LQGLYLGXDO PHPRU\ FHOO &RPSDULQJ WKLV WR WKH




WKLV WKH KDUGZDUH RYHUKHDG FRPSDUHG WR D VWDQGDUGPHPRU\
PRGXOH LV QRW ELJJHU %XW D &$0 LV JRLQJ WR EH PRUH
VXVFHSWLEOHWR6(8VGXHWRWKHQDWXUHRIFRQWDLQVHDUFKLQJ,I
DFRQWDLQVHDUFKGRHVQRWJHQHUDWHDPDWFKDFORVHPDWFKZLOO




EDVHG RQ WKH XVH RI VLQJOH SDULW\ FKHFNLQJ7KH SULQFLSDO RI
WKLVDSSURDFKZRUNVRQ WKHGXSOLFDWHGDWD VWRUDJHZLWKLQ WKH
&$0GLVWLQJXLVKHGRQO\E\DVLQJOHELWLQIRUPDWLRQZLWKLQWKH
FRQWDLQ VHDUFKSDWWHUQ UHTXLUHG IRU ILQGLQJDQGDGGUHVVLQJRI
WKH &$0 GDWD ZRUG 7KLV VLQJOH ELW RU VZLWFKLQJ ELW RI WKH
FRQWDLQ VHDUFKSDWWHUQ LV JRYHUQHGE\ WKHSDULW\ELW FKHFNRI
WKHRULJLQDO&$0GDWDZRUG ,Q WKH FDVHRI D SDULW\ IDXOW LQ
WKHRULJLQDOGDWDZRUGWKHVZLWFKELWJHWVVHWDQGWKHEDFNXS
GDWDJHWVUHDGRXW7KLVLVEHHQSHUIRUPHGLQWKHZD\WKDWWKH
DGGUHVV SRLQWHU VWLOO FRQWDLQLQJ WKH FXUUHQW VWDWH WUDQVLWLRQ
SRLQWHU ZKLFK LV JHWWLQJ DOWHUHG WKDW WKH SDULW\ IDXOW ELW JHWV
VHW  'XH WR WKH SDULW\ IDXOW WKH H[HFXWLRQ RI VWDWH WUDQVLWLRQ
JHWV UHWDLQHG IRURQHFORFNF\FOHDQG WKHDOWHUHGSRLQWHUJHWV
H[HFXWHG 7KLV WDVN RI DOWHULQJ WKH VWDWH SRLQWHU LQVWHDG RI
FRUUHFWLQJ WKH IDXOW\ PHPRU\ GDWD VKRZHG WKH EHVW
SHUIRUPDQFHZLWKLQRXUVLPXODWLRQDQGUHTXLUHGV\VWHPORJLF
UHTXLUHPHQWV(YHU\W\SHRIGDWDUHFRQVWUXFWLRQEDVHGRQHUURU
FRUUHFWLRQ DSSURDFKHV UHTXLUHV D FHUWDLQ ORJLF RU FRQWUROOHU
7KHJRDOLQRXUUHVHDUFKZDVWROLPLWWKHFRQWUROOLQJORJLFWRD
PLQLPXP DQG XWLOL]H PHPRU\ IRU WKH PDMRULW\ RI WKH WDVN
SHUIRUPDQFH,QWKHFDVHRIERWKGDWDZRUGVZLWKLQWKH&$0
DUH EHHQ FRUUXSWHG WKH )60 JHWV KDOWHG DQG DQ LQVXSHUDEOH
IDXOWZLWKLQWKHV\VWHPKDVRFFXU
6XPPDU\DQG&RQFOXVLRQ
$Q\ V\VWHP ZKLFK FDQ FRSH ZLWK ILOWHULQJ DZD\
XQGHVLUDEOH LQSXW VWLPXOXV DQG KDQGOHV GDWD DOWHUDWLRQ
LQFOXGLQJ UHFRYHU\ UHTXLUHV DQ RYHUKHDG LQ SURFHVVLQJ DQG
KDUGZDUH LI EDVHG RQ D 3/' W\SH FRQWUROOHU (YHU\ RII WKLV
WDVNVZLOOLQFUHDVHWKHZRUNORDGRQWKH3/'DQGUHIOH[HVLQWR
YDULDEOHUHVSRQVHWLPHRQDJLYHQLQSXWVWLPXOXV2XUUHVHDUFK
VKRZV WKDW ZLWK XVLQJ D /87 EDVHG FRQWUROOHU RIIHUV WKH
IROORZLQJ EHQHILWV FRQWDLQ UHVSRQVH WLPH IDXOW WROHUDQFH WR
137 Philipp Schiefer et al. /  Procedia CIRP  22 ( 2014 )  132 – 137 
VLQJOH PHPRU\ GDWD FRUUXSWLRQ DQG LQSXW VWLPXOXV ILOWHULQJ
7KH UHVSRQVH WLPH RQ DQ LQSXW VWLPXOXV IRU WKH&$0EDVHG
V\VWHPLVDIL[HGWLPHRIWZRFORFNF\FOHV2QO\LQWKHFDVHRI
D VLQJOHPHPRU\GDWDFRUUXSWLRQHUURUZLWKLQ WKH VWRUHGGDWD
ZLWKLQ RQH RU ERWK RI WKH &$0V WKH PD[LPXP QXPEHU RI
FORFN F\FOH ZLOO EH IRXU 7KH FXUUHQW OLPLWDWLRQ RI PHPRU\
GDWDFRUUXSWLRQRQDVLQJOHHUURULVOLPLWLQJWKHIDXOWWROHUDQFH
RIRXUZRUN IRU WKHFXUUHQW VLPXODWLRQEDVHGDSSOLFDWLRQDQG
ZDVWKHVFRSHRIWKLVSKDVHRIRXULQSURJUHVVUHVHDUFKZRUN
$GDSWDWLRQ RI DOWHUHG SDULW\ FKHFN FRQFHSWV DUH WDUJHWHG IRU
PXOWLSOH GDWD ELW XSVHWV DQG GDWD UHFRQVWUXFWLRQ ZLOO EH
DFKLHYDEOH ,Q RXU V\VWHP EDVHG RQ VLPXODWLRQ D VWDEOH
UHVSRQVHWLPHRIWKHPHPRU\EDVHGFRQWUROOHUFDQEHDFKLHYHG
DQGDGDSWHGDSSOLFDWLRQRQWKLVV\VWHPZLOOEHQHILWIURPWKLV
7KHXVHRI IDXOW WROHUDQFHEDVHGRQSDULW\ELW HYDOXDWLRQKDV
EHHQ GRQH RQ XVLQJ GXSOLFDWH GDWD HQWULHV ZKLFK FDQ EH
DFFHVVHG WKURXJKFRQWHQWYDULDWLRQIRUH[FOXVLRQRIKDUGZDUH

















PDFKLQHVIRU)3*$VLQDefect and Fault-Tolerance in VLSI 




6WDWH0DFKLQHVLQ)3*$VLQElectronics, Circuits and Systems 





System Technical Journal, YROSS
>@ 5/HYHXJOH55RFKHW*6DXFLHU/0DUWLQH]DQG&3LWRW$
V\QWKHVLVWRROIRUIDXOWWROHUDQWILQLWHVWDWHPDFKLQHVLQFault-
Tolerant Computing, 1993. FTCS-23. Digest of Papers., The 
Twenty-Third International Symposium onSS
>@ '/HHDQG0<DQQDNDNLV3ULQFLSOHVDQGPHWKRGVRIWHVWLQJ
ILQLWHVWDWHPDFKLQHVDVXUYH\Proceedings of the IEEE, YRO
SS
>@ ;:HQGOLQJ55RFKHWDQG5/HYHXJOH520EDVHGV\QWKHVLV
RIIDXOWWROHUDQWFRQWUROOHUVLQDefect and Fault Tolerance in 













Solid-State Circuits, IEEE Journal of, YROSS

